Electronic transitions of Mn(III) etioporphyrin I (MnETP) are assigned by the use of resonance Raman spectroscopy (RRS). Dramatic differences are found in the RR spectra of MnETP upon excitati on withi n di fferent absorp~ion bands. RRS supports the assignment of the strong absorption band of Mn(III) porphyrins between 460-490 nm to a charge transfer transition.
I. INTRODUCTION
Resonance Raman spectroscopy has been utilized as a probe of the porphyrin· environment in hemoglobin l -5 , cytochrome c l ,6-9 and in Co substituted hemoglobin 10 • In addition, the resonance Raman spectra of various metalloporphyrins ll -17 and free base porphyrins 18 ,19 ha.ve been investigated. From . this research, it appears that excitation within '!T+'!T* electronic transitions involving the macrocyclic' ring enhances vibrations within the macrocycle l -3 ,6, 13,18,19. The vibrations of atoms that are not intjmately conjugated to the aromatic structure of the ring make only a small contribution to the resonance Raman spectrum; and as a result, changes in peripheral substituents about the porphyrin ring produce relatively small differences in the vibrational frequencies observed 12 ,13,19 . The alterations of the resonance Raman spectra produced by changes in peripheral substituents appear to be induced mainly by changes in the symmetry'of the porphyrin macrocycle 13 .
Changes in the central metal also result in differences in the, RR spectra.
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Variations in the spin state, oxidation state',2,5,6 or in the planarity of the metal with r~spect to the porphyrin plane shift the energy and polarization of some of the reson~nce enhanced vibrationslO,ll ,15,16. These shifts in energy and polarization are due to a change in the structure, which may be a domi ng of the porphyri n when the metal 1i es farther from the porphyri n ri n9 plane l ,2,5,6,15 or an expansion of the porphyrin core resulting in a decrease of the metal-to-porphyrin-center distance 16 . The effect of axial ligation on porphyrin macrocycle vibrations depends on the extent that the ligand induces a change in the displacement of the metal from the ring plane 15 . Prior to this report, the only feature directly sensitive to the environment of the porphyrin macrocycle was the dispersion with respect to frequency of the depolarization ratio. Since the depolarization ratio is a function ofporphyri n symmetry, it can be infl uenced by envi ronmenta 1 factors
n O· ~~ -4-such as axial ligation ll ,15 and peripheral substitutiori 8 ,13,14. This report is a systematic study of metal-dependent vibrations which are enhanced by excitation within the charge transfer band of Mn(III) etioporphyrin I (MnETP). We find that the resonance Raman bands enhanced by excitation within the charge transfer absorption band correspond to vibrations associated with the central metal. This is in contrast to the porphyrin macrocycle vibrations which are resonance enhanced by excitation within the Q bands. This feature permits observation of metal-axial ligand vibrations.
The vibrations involving the central metal occur at relatively lm'l energies, <500 cm-l • By studying the effects of changing the axial ligand, vibrations may be assigned to particular parts of the porphyrin. Vibrations with significant'metal contribution will be affected by a change in the axial ligand more than will vibrations that are associated mainly with the porphyrin ring. The intensity of some of these vibrations appears to be sensitive to the coplanarity of the metal and the porphyrin ring; this permits the resolution of metal-ligand v;,brations as well as the detection of subtle changes in the geometry of the porphyrin. 
The incident laser beam was chopped, and the scattered light was amplified with synchronous detection.
The samples were dissolved in CS 2 , CHe1 3 (previously distilled from anhydrous P 2 0 5 ) or n-butano1, introduced into melting point capillaries and sealed. Excitation was transverse to the viewing difection and th~ polarization of the scattered light was scrambled before introduction into the monochromator. Depolarization ratios were measured by passing the scatter~d light through a Polaroid analyzer prior to the scrambler.
Absorption spectra were measured on a Cary 14 recording spectrophotometer. In order to determine whether the low energy vibrations (less than 500 cm-1 ) in the Raman spectrum of MnETP are metal related, the Raman spectra of the F-,Cl-, Br-, and I -salts were measured. These Raman spectra are shown in Fig. 3 . Table III lists the frequencies and relative intensities of the Raman bands of MnETP-X between 100 and 500 cm-l • All of the Raman bands in Fig. 3 are polarized. Carbon disulfide was used as the solvent for the F-, C1-, and Br-salts. Because of insufficient solubility in C5 2 , chloroform was used for the 1-salt. The exciting laser light was changed in order to stay in maximum resonance with peak V.
The Raman spectra of ~he halide salts are clearly a function of the axi a 1 . 1 i gand. Unique peaks appea r for each of the ha lide sa lts . A number of important differences and similarities appe~r among these spectra.
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The similarities will be discussed first. In the Raman spectra of all of these complexes peaks appear at about 398, 374, 342,327 and 260 cm-l , and these frequencies are virtually independent of the mass of the axial ligand.
The 260 cm-l peak decreases by 1 cm-l from the F-to the Cl complex and appears as a shoulder near 260 cm-l for the Br-complex. The Raman spectrum of .the solvent, CHCl 3 masks this region in the C complex. The spectrum of MnETP in butaho1 (Fig. 2c) shows a pea~ appearing" at 266 cm-l .
The relative intensity of the 329 cm-l peak is found to be sensitive to the axial ligand. A distinct increase in intensity occurs as the axial ligand is changed from F-through r-. The 329 cm-l peak is not evident for MnETP in butanol. Because the peaks at 329 and 342 cm-l both show a small frequ~ncy dependence on the ligand, there must be some metal contribution to these vibrational modes. The change in axial ligand has a small effect through the metal but, because the effects are small ,these modes must and 190 cm for F , Cl , Br and I respectively, presumably because the spectra in this report are for the molecules in solution rather than in the solid state mulls that were used for the far IR spectral measurements.
Another indication that these peaks represent the Mn-ha1ide stretches is shown by isotopic substitution of 35C1 and 37Cl in the MnETP~C1 complex ( Fig. 4 and~Tab1e IV). All of the low energy peaks are constant in energy, within experimental precision! 1 cm-l , except for the peaks at 285 and 225 cm-1 (Table IV) . The peaks at 285 and 225 cm-1 show a shift of 4 and 2.6 cm-l , respectively, to lower energy when the axial ligand is changed from 35C1 to 37Cl . Using a harmonic oscillator model, the energy shift for the 285 cm-l peak is 0.8 cm-l less than the shift of 4.8 cm-1 expected if this were a pure Mn-C1vibration. The peak at 225cm-1 shows a smaller shift, and the vibrational mode responsible for it must also involve motion of the metal against the porphyrin macrocyc1e.
The peaks at 165 and 143 cm-l in the Cl-1 .and Br~l complexes and the two peaks at 186 and 118 cm-l in the 1-complex appear also to be axialligand dependent. The 165 cm-l peak, the dominant feature in the Raman spectrum of the C1~ complex, shows no energy change with isotopic substitution.
A correlation of the 225 cm-l peak in C1-with the 143 cm-l peak in Br and the 118 cm-1 peak in 1-seems reasonable. The peaks exhibit a decrease in energy with mass and may reflect a vibration of the metal and halide against the porphyrin. Although the corresponding peak is not apparent in the F-complex, it may lie within the broad feature at 260 cm-1 . This is supported by a polarization study in which the RR peaks recorded with the analyzer oriented either parallel or perpendicular to the electric vector of
the incident radiation showed different maxima separated by about 3 cm .. cm-1 in the F-, Cl-and I-complexes are currently under study and will be described in a subsequent report.
The higher energy region 500-1700 cm-1 of these metal complexes show no pronounced changes with substitution of the axial ligand. The positions of many of the peaks are difficult to define because of their weakness.
The ligand dependence of higher energy peaks must be studied by excitation.
in the Q. bands.
IV. DISCUSSION A.. £1 ectroni c Spectra of Porphyri ns
The visible~nd near UV spectra of metal porphyrins can be interpreted The only part of the electronic Hamiltonian that depends on nuclear position is the coulomb potential between electrons and nuclei 34 ..
i.e. (2) where the summation is over all of the electrons j and nuclei n, e is the electronic charge, zn is the charge on nucleus n'and r jn is th~ distance between electron j and nucleus n. aH/dQa is thus a one electron operator. and <eIGls> =<elfG(r)~(r)drls> = !<elp(r)ls>G(r)dr (4) where <elp(r)ls>, the transition density38, represents the spatial overlap of Ie> and Is>. As Albrecht has pointed out, for mixing bya vibrational perturbation to occur, the mixed electronic states must lie within the same region of the molecule.
C. Resonance Raman Spectra of Manganese(III) Porphyrins
We will consider excitation within three types of porphyrin transition The lowest energy 1T-+1T* excited states may be written: (6) An ex~ited state reached by a d-+d transition may be 0ritten:
The electron is promoted from one of the degenerate d orbitals to the d x 2_y2
orbital. Although there are nod-+d transitions allowed under D4h symmetry, Looking at the form of the polarizabi1ity tensor for excitation within
(1) a charge transfer b~nd and (2) a 7T-+7T* transition we find:
1. There are terms in the po1arizability tensor containing <clp(r)id>, <clp(r)ls> and <c,lp(r)lc 2 >. The <clp(r)ls> and <clp(r)ld> terms enhance :.
. . Z e n ? ( 
.. The 260 cm-l shoulder in the spectrum of the bromide complex is more pronounced in other recorded spectra. , .
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